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order  to  be  phagocytized.  Phagocytosis  of  the  opsonized  Sterne  cells  was  not 
affected  by  the  individual  anthrax  toxin  components.  However,  a  combination 
of  PA  and  EF  inhibited  Sterne  cell  phagocytosis  and  blocked  both  particulate 
and  soluble  induced  PMN  CL.  These  PMN  effects  were  reversible  upon  removal  of 
the  toxin  components.  The  PA  and  EF  combination  also  increased  intracellular 
cAMP  levels.  These  studies  suggest  chat  two  of  the  protein  components  of  an¬ 
thrax  toxin,  EF  and  PA  increase  host  susceptibility  to  infection  by  suppres¬ 
sing  PMN  function  and  impairing  host  resistance. 
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ABSTRACT 


‘  The  virulence  of  Bacillus  anthracls  has  been  attributed  to  a  tripartite 
toxin  composed  of  three  proteins  designated  protective  antigen  (PA),  lethal 
factor  (LF),  and  edema  factor  (EF).  The  effects  of  the  toxin  components  on 
human  PMN  phagocytosis  and  oxidative  metabolism,  as  measured  by  chemilumines¬ 
cence  (CL),  were  studied  in  vitro.  Initially,  it  was  determined  that  the 
avirulent  Sterne  strain  of  B.  anthracis  (radiation  Rilled)  required  opsoniza¬ 
tion  with  either  serum  comnlement  or  antibodies  against  Sterne  cell  wall  in 
order  to  be  phagocytized.  Phagocytosis  of  the  opsonized  Sterne  cells  was  not 
affected  by  Che  Individual  anthrax  toxin  components.  However,  a  combination 
of  PA  and  EF  inhibited  Sterne  cell  phagocytosis  and  blocked  both  particulate 
and  soluble  Induced  PMN  CL.  These  PMN  effects  were  reversible  upon  removal  of 
the  toxin  components.  The  PA  and  EF  combination  also  increased  intracellular 
cAMP  levels.  These  studies  suggest  that  two  of  the  protein  components  of  an¬ 
thrax  toxin,  EF  and  PA,  increase  host  susceptibility  to  infection  by  suppres¬ 
sing  PMN  function  and  impairing  host  resistance. 
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Introduction 


Kepple,  et  al.  (1963)  found  that  a  crude  mixture  of  three  toxin  compo¬ 
nents  of  Bacillus  anthracis  (protective  antigen,  edema  factor,  and  lethal 
factor)  decreases  host  resistance  to  an  in  vivo  B.  anthracis  challenge  and 
inhibits  phagocytosis  in  vitro.  The  authors  conclude  that  the  toxins  are 
virulence  factors  in  B.  anthracis  pathogenesis.  Until  recently,  there  has 
been  little  research  done  to  define  these  toxic  effects. 

Leppla  (3)  has  recently  reported  the  preparation  of  highly  purified  an¬ 
thrax  toxin  factors  and  their  effects  on  cultured  eukaryotic  cells.  The 
availability  of  these  toxin  components  presented  us  with  an  opportunity  to  re¬ 
investigate  the  early  work  on  their  effects  (7).  Leppla  (8)  found  edema  fac¬ 
tor  (EF)  to  be  an  inactive  adenylate  cyclase,  probably  activated  by  eukaryotic 
cell  calmodulin.  In  intact  Chinese  hamster  ovary  cells,  protective  antigen 
(PA)  and  EF  cause  a  rapid  increase  of  intracellular  cAMP;  PA  is  apparently 
required  to  facilitate  EF  entry  into  the  cells  (8).  The  adenylate  cyclase 
activity  of  EF  is  potentially  Important  to  the  virulence  of  B_.  anthracis ;  it 
has  been  reported  (6,5)  that  an  increase  in  the  cAMP  concentration  in  polymor¬ 
phonuclear  neutrophils  (PMN)  is  associated  wlrh  an  inhibition  of  phagocytosis. 

In  the  present  study,  the  serum  opsonic  factors  required  for  the  phagocy¬ 
tosis  of  the  avlrulent  Sterne  strain  of  B.  anthracis  by  human  PMN  were  inves¬ 
tigated.  Also  studied  were  the  effects  of  the  toxin  components  on  PMN  phago¬ 
cytosis  and  oxidative  metabolism,  as  measured  by  chemiluminescence  (CL).  A 
combination  of  PA  and  EF  inhibl'-id  phagocytosis,  blocked  both  particulate  and 
soluble-induced  PMN  CL,  and  increased  PMN  intracellular  cAMP  levels. 

MATERIALS  AND  METHODS 

Leukocyte  preperatloo.  All  experiments  were  done  with  human  PMN  prepared 
from  blood  obtained  via  venapunctiira  of  healthy  volunteers.  The  cells  were 


Isclaced  by  dextran  sedlmeataclon  and  gradient  centrifugation,  as  described 
(9),  except  Che  final  ceil  stock  was  suspended  at  1  x  10^  cells/ml  In  a  oradl* 
fled  barbital  (Veronal)  buffer  ),  henceforth  called  barbital  buffer. 

Bacteria  preparation.  anthracls  (Sterne  Strain)  was  grown  in  brain 
heart  infusion  (Dlfco)  supplemented  with  0.5Z  sodium  bicarbonate  In  sealed 
screw-top  flasks.  Cultures  were  incubated  at  37°C  for  12  h.  Colony-forming 
units  (CPU)  were  determined  via  a  10  fold  dilution  in  Hanks  Balanced  Salt  So¬ 
lution  and  culturing  on  crypclcase  soy  agar,  37*0,  overnight.  The  remainder 
of  Che  culture  was  made  to  5Z  with  glycerol,  distributed  In  13  ml  aliquots, 
placed  on  ice,  and  gamma-irradiated  (3  x  10^  rads).  Sterility  was  confirmed 
by  placing  an  irradiated  sample  on  blood  agar.  Sterile  cells  were  scored  at 
-70*C. 

Sterne  cell  wall  preparation.  Frozen  Sterne  strain  cells  were  chawed  and 
placed  on  blood  agar  medium  and  inoculated  into  1  liter  of  Casamlno  Acid 
medium  (Dlfco),  supplemented  with  0.4Z  glucose.  Following  Incubation  (37°C, 

18  h),  the  culture  was  transferred  to  a  20-liCer  fermentor  containing  the  same 
medium.  After  4  h  incubation  at  37°C  with  agiratlon  at  130  rpm,  dextrose  was 
added  Co  0.4Z,  and  incubation  continued  for  2  h.  Cells  were  harvested  via 
flow  through  centrifugation  at  10,000  x  g,  resuspended  in  water  at  0.2  g  wet 
welghc/ml,  and  sonicated  (5/8  inch  probe,  85Z  output)  on  Ice  for  43  min  (nine 
5  min  bursts).  Following  centrifugation  at  10,000  x  g  for  15  min  Che  pellet 
was  washed  once  with  40  ml  water,  and  centrifuged  at  27,000  x  g  for  10  min. 

The  pellet  was  resuspended  in  IZ  sodium  dodecyl  sulfate  to  0.2S  g  wet 
welght/ml  and  sonicated  for  1  min  (5/8  inch  probe,  50Z  output).  The  sample 
was  heated  to  83*^0  and  centrifuged  at  17,000  x  g  for  10  min.  The  supernatant 
was  discarded,  and  Che  IZ  sodium  dodecyl  sulfate  treatment  repeated  twice. 

The  pellet  was  washed  three  times  with  water  (83*^0.  Following  centrifugation 
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of  each  extraction,  the  dark  material  at  the  bottom  of  the  cell  pellet  was 
discarded,  and  only  the  upper  white  material  retained.  The  final  cell  wall 
material  was  lyophilized. 

Sera.  Antiserum  to  Sterne  cell  wall  peptidoglycan  material  was  obtained 
following  weekly  im  vaccinations  with  100  ug  of  material  into  a  female  New 
Zealand  white  rabbit.  Titers  were  determined  following  heat  treatment  at 
56°C,  30  min  by  microagglutination  using  Falcon  microtiter  plates  in  which 
diluted  antisera  (50  ul)  were  mixed  with  50  y 1  sonicated  Sterne  cell  wall 
material  in  saline  (100  yg/ml).  After  overnight  incubation,  4°C,  titers  were 
taken  as  being  the  last  titration  which  produced  agglutination.  Aliquots  of 
the  serum  were  stored  at  -70°C. 

Sera  from  non-immunized  rabbits  were  collected  and  distributed.  Some 
sera  were  stored  at  -70°G  as  a  source  of  complement,  while  others  were  heat- 
treated  at  56®C  for  30  min  for  use  as  complement-free  sera. 

OpsoolzaCloa.  Aliquots  (50  ul)  of  either  Sterne  cells  or  a  boiled  solu¬ 
tion  of  zymosan  (2  mg/ml.  Sigma)  in  saline,  were  added  to  2.0  ml  of  barbital 
buffer  and  centrifuged  at  400  x  g  for  10  min.  The  supernatant  was  discarded 
leaving  approximately  ICO  ul  of  buffer  over  the  pellet.  Sera  to  be  used  for 
opsonization  were  added  (50  yl),  and  the  tubes  incubated  for  30  min  at  37®C. 
Treatment  was  ended  by  adding  2.0  ml  barbital  buffer  and  centrifuging  the 
sample  for  10  min  at  400  x  g.  The  resulting  pellet  was  resuspended  to  0.5  ml 
in  barbital  buffer,  except  for  the  zymosan,  which  was  suspended  to  5.0  ml. 

ChealluBinescence .  CL  was  determined  at  ambient  temperature,  under  in¬ 
candescent  lighting,  in  a  Beckman  1*5  6800  scintillation  counter  (Irvine,  CA) 
using  the  Single  Photon  Monitor  accessory.  Assays  were  performed  in  plastic 
scintillation  vials  containing  1.8  ml  of  barbital  buffer  and  0.1  ml  of  0.25  yM 
lumlnol.  Lumlnol  was  stored  as  a  25  mM  stock  in  dimethyl  sulfoxide  (DMSO)  and 
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diluted  with  barbital  buffer  just  prior  to  use.  PMN  sospeoaioa  (20  uD  vas 
added  to  each  vial  and  CL  intensity  (CPM)  determined  by  0.1  min  measurements 
at  20  min  intervals.  After  2  counting  cycles  to  establish  a  uniform  back¬ 
ground  luminescence,  PMN  CL  was  initated  by  adding  O.I  ml  of  opsonized  bacter¬ 
ia  or  zymosan,  or  25  iil  phorbol  myristate  acetate  (PMA).  The  PMA  was  stored 
as  a  40  uH  stock  in  OMSO.  CL,  measured  at  20  min  intervals,  was  determined 
for  120  min  and  all  values  corrected  for  background  CL.  In  the  case  where 
there  was  a  pre-treatment  period  with  the  anthrax  toxin  factors,  CL  was  initi¬ 
ated  at  the  end  of  that  period  by  the  addition  of  the  CL  inducers. 

cAMP  assay.  For  the  assay  of  cAMP,  human  PMN  fr(»  normal  donors  were 
collected  by  dextran  sedimentation  and  Ficoll-Hypaque  centrifugation.  Residu¬ 
al  RBC  were  lysed  in  NH^Cl  buffer,  and  the  PMN  suspended  in  1  ml  RFMX  1640 
with  10%  serum  at  1  x  10^  cells/ml.  The  PMN  were  incubated  with  PA  and  EF  at 
1  ug/ml  each  for  2  h  at  37^C.  After  centrifugation  and  washing  with  HBSS 
twice,  the  cells  were  extracted  with  0.2  ml  0.1  NU^CI  and  cAMP  measured  by  ra¬ 
dioimmunoassay  after  acetylation  (2)  using  an  assay  kit  from  New  England 
Nuclear  Corp.  (Boston,  MA). 

Microscopy.  At  50  minutes  into  the  CL  assay,  PMH  were  subject  to  micro¬ 
scopic  evaluation  to  determine  if  phagocytosis  was  occurring.  One  series  of 
samples  was  concentrated  by  gentle  centrifugation,  (SO  x  g,  5  min)  and  observ¬ 
ed  under  oil  immersion  phase  contrast  microscopy.  In  other  samples  phagocyto¬ 
sis  was  stopped  after  1  h  with  the  addition  of  paraformaldehyde  to  a  final 
concentration  of  2%.  Cells  were  pelleted,  fixed  in  Kamovsky's  fixative  (K- 
1965)  for  1  hour  at  room  te-perarure,  embedded  in  agar,  and  postflxed  1  h  in 
1%  OsO^.  Pellets  were  then  incubated  in  0.5%  uranyl  acetate,  dehydrated 
through  a  graded  ethanol  series,  and  embedded  in  Epom  812.  Thin  sections. 
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stained  with  uranyl  acetate  and  lead  citrate,  were  observed  with  a  JEOL  JEM 
lOOB  electron  microscope  at  80  kV. 

Anthrax  toxin  coaponenta.  The  anthrax  toxin  components  were  prepared  as 
described  previously  (8).  Aliquots  of  each  factor  (1  mg/ml  in  10  mM  HEPES,  2 
niM  B-merceptoethanol)  were  stored  at  -70°C.  Prior  to  use,  aliquots  were 
rapidly  thawed,  diluted  in  barbital  buffer,  and  aupplemented  with  O.IZ  bovine 
serum  albumin.  The  stock  preparations  were  not  re-frozen,  but  kept  for  3 
weeks  on  ice.  After  that  time,  activity  decreased  and  fresh  stocks  were  pre¬ 
pared. 


RESULTS 

Our  initial  experiments  characterized  the  particulate  induced  CL  response 
of  human  PMN  exposed  to  the  avirulent  Sterne  strain  of  B.  anthracis .  Sterne 
cells  treated  with  heat-inactivated  non-immune  sera  were  unable  to  induce  a  CL 
response  in  human  PMN  and  served  as  the  control  for  background  CL.  Bacterial 
cells  treated  with  either  fresh  non-immune  sera  (complement  opsonized)  or  heat 
treated  immune  sera  (antibody  opsonized)  induced  dose  and  time  dependent  in¬ 
creases  in  PMN  CL  (Fig.  1). 

The  highest  CL  response  seen  in  Fig.  1  represents  the  maximum  response  of 
the  PMN  since  it  was  not  Increased  by  adding  4  fold  more  bacteria  or  using  4 
fold  more  sera.  The  Importance  of  establishing  these  maximum  response  condi¬ 
tions  in  studying  phagocytosis  has  been  discussed  (11).  The  radiation-killed 
Sterne  preparation,  whose  optimal  concentration  was  determined  as  shown  in 
Fig.  1,  was  used  in  ill  subsequent  experiments  at  a  CFU  to  PMN  ratio  of  ap¬ 
proximately  30:1.  The  preparation  gave  repeatable  results  for  1  year  when 
stored  in  aliquots  at  -70°C.  Other  lots  of  Sterne  have  since  been  used  with 
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results  similar  to  those  reported  here,  although  each  lot  had  to  be  separately 
characterized  for  the  optimal  CFU  to  PMN  ratio. 

In  order  to  determine  the  relationship  between  Induction  of  CL  and  phago¬ 
cytosis,  samples  were  collected  directly  from  the  scintillation  vials  at  the 
height  of  the  Cl.  response.  The  PMN  controls,  in  which  CL  was  not  being  induc¬ 
ed,  were  found  under  phase  contrast  microscopy  (1000  x)  to  be  rounded  and  un- 
aasociated  with  bacilli  (Fig.  2A).  However,  the  PMN  exposed  to  complement  op¬ 
sonized  Sterne  cells  had  an  irregular,  distorted  shape,  and  were  associated 
with  aultlple  bacilli  (Fig.  2B).  Electron  microscopic  studies  on  the  same 
samples  revealed  internalized  becllli  (Fig.  2C),  while  the  controls  were  nega¬ 
tive.  ' 

The  effects  of  the  three  anthrax  toxin  components  were  tested  separately 
and  in  combination  with  respect  to  their  effect  on  the  induction  of  PMN  CL  us¬ 
ing  complement-opsonized  Sterne  cells.  If  bacteria  and  toxin  component(s} 
were  added  simultaneously,  a  normal  CL  response,  similar  to  that  shown  in  Fig. 
1,  was  obtained.  If,  however,  the  opsonized  Sterne  were  added  60  min  after 
the  addition  of  toxin  components,  a  mixture  of  PA  and  EF  dramatically  su- 
presaed  CL  (Fig.  3).  Inhibition  was  not  found  with  any  of  the  toxin  compo¬ 
nents  individually  or  In  other  combinations.  Although  not  shown,  LF  was  with¬ 
out  effect  on  the  PA  and  EF  inhibition  of  CL  when  all  3  components  were  at  1 
yg/ml. 

The  PA  and  EF  effect  was  maximal  following  a  60  min  pretreatment  with  the 
toxin  combination.  Studies  with  phase  contrast  microscopy  showed  that  the  PA 
and  EF  treafod  PMN,  which  had  shown  suppressed  CL  response  to  opsonized  Sterne 
bacilli,  were  spherical  and  unassociated  with  bacteria,  indicating  that  phago¬ 
cytosis  was  inhibited.  In  addition,  we  found  that,  following  a  60  min  expos¬ 
ure  of  PMN  to  PA  and  EF,  if  the  cells  were  re-suspended  for  an  additional  h  in 
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buffer  without  toxins,  a  normal  CL  response  was  induced  by  opsonized  Sterne 
cells.  Thus  the  effects  of  the  toxin  components  were  readily  reversed. 

The  effect  of  the  PA  and  EK  combination  on  the  PMN  CL  response  to  indu¬ 
cers  other  than  complement  opsonified  Sterne  cells  was  determined.  Suppres¬ 
sion  of  CL  Induction  was  found  when  PMN  were  exposed  to  either  Sterne  cells 
opsonified  with  antibody  or  to  the  soluble  CL  Inducer  PMA  (Fig  4).  Complement 
opsonized  zymosan  gave  similar  results  (data  not  shown). 

Since  EF  has  been  reported  to  be  an  adenylate  cyclase  (8),  studies  were 
designed  to  determine  the  effect  of  PA  and  EF  on  PMN  cAMP  concentrations.  PA 
together  with  EF  caused  a  significant  Increase  in  Intracellular  cAMP  in  PMN 
from  a  control  value  of  3.7  ±  0.2  pmol/10^  cells  to  23.2  ±  0.8  pmol/ 10^ 
cells.  The  increase  varied  from  2  to  13  fold  in  3  separate  experiments  using 
3  different  donors.  There  was  no  effect  when  either  factor  was  added  individ¬ 
ually. 

DISCUSSION 

The  Sterne  strain  of  B.  anthracis  is  used  as  a  live  vaccine  in  domestic 
animals.  Its  avirulance  has  been  attributed  to  the  absence  of  the  anti-phago- 
c.ytlc  capsule  found  on  fully  virulent  strains  (7,12).  It  has  been  reported 
that  the  opsonized  virulent  Vollum  strain  of  B.  anthracis  will  not  Induce  a  CL 
response  in  human  neutrophils.  Irrespective  of  the  opsonins  used  (9).  Results 
reported  here  are  the  first  to  demonstrate  that  the  opsonized  Sterne  strain  is 
phag  cytlzed,  and  that  opsonization  is  readily  accomplished  with  either 
complement  or  Sterne  strain  cell  wall  antibod^es. 

The  observation  of  Keppie  et  al.  (7),  upon  which  these  studies  were 
based,  is  that  a  mixture  of  the  3  toxin  components  of  B.  anthracis  inhibited 
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guinea  pig  PMM  phagocytosis  vitro.  Our  studies  have  futher  defined  that 
effect  using  highly  purified  toxin  components,  and  have  found  that  the  anti¬ 
phagocytic  activity  is  due  to  a  combination  of  PA  and  EF,  and  Is  associated 
with  an  increase  in  cellular  cAMP. 

The  inhibitory  effect  of  the  PA  and  EF  combination  cn  the  induction  of 
PMN  CL  cannot  be  attributed  to  quenching,  since  the  CL  response  is  unaffected 
when  the  toxin  components  are  added  simultaneously  with  the  CL  Inducer.  The 
effects  of  the  toxin  comblnacion  appear  to  be  at  the  cellular  level.  While 
little  is  known  of  the  mechanism  of  phagocytlc-inducad  PMN  CL,  it  is  obvious 
that  if  phagocytosis  is  inhibited,  there  will  be  no  phagocytic  induced  CL  re¬ 
sponse.  It  is  not  evident,  however,  why  the  PMA,  or  non-phagocytic  induction 
of  CL  is  inhibited  by  the  toxin  combinations.  While  PMA  and  the  particulate 
Inducers  of  CL  have  similarities  (4),  they  do  Involve  different  mechanisms. 
This  is  best  demonstrated  by  the  observation  that  while  cytochalasin  B  blocks 
both  zymosan-induced  phagocytosis  and  the  corresponding  CL  response,  it  does 
not  Inhibit  PMA  Induced  CL  (14).  At  this  time  we  do  not  know  if  PA  and  EF 
inhibit  phagocytosis  and  CL  separately  or  on  a  common  pathway.  It  is  also 
possible  that  the  block  of  PMA-induced  CL  is  due  to  inhibition  of  uptake  of 
PMA  since  PA  and  EF  inhibit  pinocytosis  in  macrophages  (A.  Friedlander,  unpub¬ 
lished  observations). 

In  a  previous  report,  EF,  in  the  presence  of  PA,  was  shown  to  act  as  an 
adenylate  cyclase  in  Chinese  hamster  ovary  cells  (8).  It  has  been  proposed 
that  the  stimulation  of  intracellular  PMN  cAMP  leads  to  an  inhibition  of 
phagocytosis  (6,5).  An  exception  is  the  effect  of  cholera  toxin  which  has 
been  shown  to  augment  cAMP  levels  in  PMN,  yet  does  not  inhibit  phagocytosis 
(1).  It  has  been  reported  that  Bordetella  pertussis  produces  an  adenylate 
cyclase  thrt  decreases  PMN  bactericidal  activity  (3).  Here  we  report  that  PA 
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and  EF  increase  PMN  cAMP,  which  coincides  vrith  phagocytic  inhibition.  In  view 
of  the  disparities  between  the  effects  of  cholera  toxin  and  other  augiaenters 
of  cAMP,  it  is  clear  that  the  exact  relationship  between  phagocytosis,  cAMP 
levels,  and  Cl.  reniain  to  be  determined.  While  fatal  anthrax  is  associated 
with  supressed  host  imounc  defense  (7,12),  little  is  known  concerning  the  in 
vivo  production  and  Involvement  of  Che  anthrax  toxin  proteins  (13).  These 
studies  suggest,  however,  chat  EF  in  Che  presence  of  PA  may  increase  host 
susceptibility  to  infection  by  suppressing  PMN  function. 


10 


Acknowledgetaenca 


We  thank  SP3  Gregory  Saleh  and  He.  Terry  Abshire  for  their  technical 
aealstance,  and  SPA  Joseph  Pelosl  for  his  special  efforts.  We  are  Indebted  to 
Ms.  Marian  Bloxton  and  Ms.  Robena  Fowler  for  the  typing  of  this  aanuscript. 


11 


LITERATURE  CITED 


Bourne,  H.R. ,  R.I.  Lehrer,  L.H.  Lichtenstein,  G.  UeissMsn,  end  E. 

Surler.  1973.  Effects  of  cholera  enCerotoxin  on  adenosine  3 ',5 '-mono¬ 
phosphate  and  neutrophil  function:  Comparison  with  other  compounds  which 
stimulate  leukocyte  adenyi  cyclase.  J.  Clin.  Invest.  52:698-708. 

Brooker,  G. ,  J.F.  Harper,  W.L.  Teraaaki,  sod  E.O.  Moylan.  1979.  Radio¬ 
immunoassay  of  cyclic  AMP,  and  cyclic  GMP.  Adv.  Cyclic  Nucleotide  Res. 

10: 1-33. 

Coofer,  O.L. ,  and  J.  W.  Eaton.  1982.  Phagocyte  impotence  caused  by  an 
invasive  bacterial  adenylate  cyclase.  Science  217:948-950. 

DeChatelet,  L.E.,  P.S.  Shirley,  and  E.B.  Jofanatoo,  Jr.  1976.  Effect  of 
phorool  myrlstate  acetate  on  the  oxidative  metabolism  of  human  polymorpho¬ 
nuclear  leukocytes.  Blood  47:545-554. 

Ignarro,  L,J.,  and  S.T.  Cech.  1976.  Bidirectional  regulation  of  lysosom¬ 
al  enzyme  secretion  and  phagocytosis  in  human  neutrophils  by  guanosine 
3' ,5 '-monophosphate  and  adenosine  3' ,5'-monophosphate.  Proc.  Soc.  Exp. 
Biol.  Med.  151:448-452. 

Ignarro,  L.J.,  T.F.  Lint,  and  U.J.  George.  1974.  Hormonal  control  of 
lysosomal  enzyme  release  from  human  neutrophils:  Effects  of  autonomic 
agents  on  enzyme  release,  phagocytosis,  and  cyclic  nucleotide  levels.  J. 
Exp.  Med.  139:1395-1414. 


12 


7.  Eapplc,  J.,  P.U.  Barrls-Saich,  and  H.  Snlth.  1963.  The  chenlcal  basis  of 

Che  virulence  of  Bacillus  anchracia .  IX.  Its  aggressins  and  cheir  awde 
of  action.  Brie.  J.  Exp.  Pach.  44:446-433. 

8.  Uppla,  S.H.  1982.  Anthrax  toxin  edeoa  factor:  a  bacterial  adenylate 
cyclase  chat  increases  cyclic  AMP  concentrations  of  eukaryotic  cells. 

Proc.  Natl  Acad.  Sci.,  U.S.A.  79:3162-3166. 

9.  McCarthy,  J.P.,  k.S.  Bodroghy,  P.B.  Jahrllng,  sad  P.Z.  Soboclnskl. 

1980.  Differential  alterations  in  host  peripheral  polymorphonuclear 
leukocyte  cheoiluainescence  during  the  course  of  bacterial  and  viral 
infections.  Infect.  lamun.  30:824-831. 

10.  Madonna,  G.S«,  and  R«C.  Allen.  1981.  Shigella  sonnei  phase  I  and  phase 
II:  susceptibility  to  direct  serua  lysis  and  opsonic  requlreaents  neces¬ 
sary  for  stloulatlon  of  leukocyte  redox  aetabollsa  and  killing.  Infect, 
lonun.  32:133-159. 

11.  Michel  1 ,  K.H. ,  S.J.  Pancake,  J.  Mosevorthy,  and  M,L.  Karamrsky.  1969. 
Measurenent  of  races  of  phagocytosis,  the  use  of  cellular  monolayers.  J. 
Cell  Biol.  40:216-224. 

12.  SedLth,  E.,  H.S.  Kepple,  and  J.L.  Stanley.  1933  The  cheolcal  basis  of  the 
virulence  of  Bacillus  anthracls,  I  properties  of  bacteria  grown  in  vivo 
and  preparation  of  extracts.  Brit.  J.  Exp.  Path.  34:477-485. 

13.  Stephen,  J.  1981.  Anthrax  toxin.  Phamacol.  Ther.  12:501-513. 


13 


1 


14.  WlllJ.aas,  A.J.,  end  P.J.  Cole.  1981.  Polymorphonuclear  leukocyte  aem- 
brane-stlaulated  oxidative  metabolic  activity — the  effect  of  divalent 
cations  and  cytochalaslns .  Immunology.  44:847-858. 


14 


FIG.  I.  Cl.  Intensity  versus  tlae  of  hunan  PMN  exposed  to  different  concentra¬ 
tions  of  Sterne  strain  of  B.  anthracis  opsonized  with  either  conplenent  (A)  or 
antibody  (B).  The  CFU  to  PMN  ratio  was  30:1  (o),  15:1  (s),  7.5:1  (A)  and  1:1 
(A  )  Each  data  point  is  the  mean  ±  SEM  from  5  separate  experiments,  each 
experiment  using  PMN  from  a  different  individual. 
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FIG.  2.  Microscopic  studies  of  phagocytosis  of  Sterne  strain  of  anthracls 
by  human  PMN.  A.  Control  PMN,  under  phase  microscopy,  exposed  to  bacteria 
treated  with  heaflnactivated  non-lanune  serum  (no  opsonlns),  which  showed  no 
stimulation  of  CL  activity.  B.  Phase  microscopy  of  PMM  exposed  to  bacteria 
opsonized  with  complement,  at  the  time  of  maximum  CL  induction.  C.  Electron 
micrograph  of  PMN  from  the  same  sample  as  shown  in  Fig.  B.  Arrows  denote  in¬ 
ternalized  bacilli.  The  assay  conditions  were  as  in  FIG.  1.  The  CPU  to  PMN 
ratio  was  30. 
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FIG.  3.  Effect  of  anthrax  toxin  components  on  CL  Induced  In  human  PMN  with 
complement  opsonized  Sterne  strain  of  anthracls.  The  toxin  components  (I 
lig/ml)  were  Introduced  to  the  PMN  1  h  prior  to  the  addition  of  the  bacteria. 
The  CL  response  Is  reported  as  the  maximum  CL  Intensity  (CFM)  ±  SEM  on  trip¬ 
licate  determinations.  Assay  conditions  were  as  In  FIG.  1.  The  CFU  to  PMN 
ratio  was  30. 
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FIG.  4.  Effect  of  PA  and  EF  on  the  stimulation  of  human  PMN  CL  using  differ¬ 
ent  Inducers.  PMN  were  pretreated  with  the  toxin  components  for  1  h  prior  to 
addition  of  the  CL  inducer.  Induction  of  CL  was  with  antibody  opsonized 
Sterne  (A),  complement-opsonized  Sterne  (B),  and  PMA  (C).  Samples  without 
toxin  rre  Indicated  by  (o)  and  with  toxin  by  (•}.  Data  points  are  means  of 
triplicate  determinations  ±  SEM.  Assay  conditions  were  as  In  FIG.  1.  The  CFU 
to  PMN  ratio  was  30. 
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